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New
e double sided silicon

e central drift chamber
e plug calorimeter
* DAQ system
 trigger

e front end

Detector fully commissioned

and working well!




CDF performance - leptons
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New:

* magnet!

* silicon vertex
e vertex trigger
e fiber tracker

* DAQ system
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Tevatron Run 2

* Run 2 began in earnest mid-2001
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Shutdowns, maintenance, beam-beam interactions,

aperture restrictions, magnet alignment...nevertheless
we have doubled the luminosity in the past year!




Tevatron performance
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Seven week shutdown for NuMI construction, magnet
alighment, maintenance starting 25 Aug 2003.

Hope for 5-6x1031 before then, double analyzable sample!



Top and W Masses

* initially at the Tevatron, 80.6|
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Lots of work to do on b tagging, jet energy reconstruction,
mass reconstruction, understanding background...all of
which is preparation for the direct Higgs search!



Top mass

v “lepton plus jets”
channel with b tagging is
most sensitive to top
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errors large now; due to
calorimeter calibration



Top mass - new methods

 new method of top mass determination from DO
e uses multidimensional “transfer function” to correct
e improves DO Run 1 error from 5.6 to 3.6 GeV!

552 - . 1.2
I - g B
“E"E B _1 -
548 | -
546 SH-EN
544 F 06 [
542 B B
540 | A
538 0.2
536 [ -

] | | ] | | ] | D ] | 'y

140 160 180 200 170 180 190

Top mass (GeV) Top mass {GeV)



Combined top mass (still Run 1)
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Dilepton

Lepton + jets

< single best measure

Combined

Dilepten

Lepton + Jets

All—Hadranic

Combined

In Run 2a (2 fb-1) we
hope to get the total
error, CDF+DO, down
to about 2 GeV (?)

J.

Estrada, F. Canelli theses



Combined Top/W Mass Projection

Suppose CDF and
D0 measure the
top and W masses
as shown here:

This wouldbe
evidence for new
physics! =

Lots of work to do
to get to this
point...exciting
prospect!
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SM Higgs Production

. SM Higgs cross section (HIGLU,V2HV)
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Search Channels - Low Mass

For m ;<135 GeV, bb decays dominate:

WH

 clearly need excellent b tagging!
* need optimal bb mass resolution!
* need to understand background shapes!



Run 1 combined limits - CDF
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Search Channels - High Mass
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98/99 Run 2 SUSY/Higgs Workshop

SUSY/Higgs Workshop
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e parametrized fast Monte Carlo (no magnet or
multiple interaction effects)

neural network selection

10% mass bb mass resolution

e single-bin counting experiment

nominal systematics (see hep-ph/0010338)



2003 Higgs Sensitivity Study

 Asked by DOE Office of Science to review the
previous study and re-evaluate our SM Higgs
reach

 Now have full Monte Carlo, real data experience
to draw upon

e Short time: split work between CDF and DO
along lines of “WH” and “ZH” channels

e Study completed two weeks ago and presented
to DOE

VERY PRELIMINARY! RESULTS MAY CHANGE!



Neural Net Selection

Since SHW study, have performed an analysis in

CDF to see if we can reproduce enhancement in
the tvbb channel. (Chris Neu, OSU, thesis in prep.)

Find that application of NN in this channel reduces
integrated luminosity required by x1.6.

ZH channel: DO HSC study group finds big
improvement in missing energy channel:

Required integrated luminosity reduced by x2.25.



b Tagging

Higgs Mass (GeV /c?) 110 | 115 | 120 | 130 @ 140
> 1 Secvtx (Win 2003) 0.484 | 0.491  0.496  0.492 | 0.499
Double Secvtx (Win 2003) 0.089  0.087 | 0.090 | 0.089  0.101
> 1 Secvtx 0.552 | 0.554 | 0.557 | 0.568 | 0.579
1 Secvix + 1 Secvix.OR.JetPrb<0.05 0.1850.184 | 0.191 0.194 | 0.202
> 1 Secvtx (Extended n) 10.661 | 0.664 | 0.664 | 0.677 | 0.686
Double Secvtx.OR.JetPrb<0.05 0.279|0.279  0.290 | 0.300 | 0.314
SHWG Tight (No Eta Dependence) 0.712]0.7120.7100.721 | 0.723
SHWG Loose (No Eta Dependence)  0.347 | 0.343 | 0.351 | 0.359 | 0.372

 efficiency rises with jet p+

e SHW assumed flat efficiency out to |n|=2

e HSC assumes drop-off at large n

e these efficiencies require new detectors!




Mass Resolution

T. Dorigo, L. Scodellaro

e “hyperball” algorithm:

Xz/r'wd" £63.85 / 7

Mean i110.5
{16.26

make mass CorreCtion o — o Constant 12881

in N-dimensional
space of kinematic
variables

e can get ~10% mass
resolution!

* but need to find
optimal pointin
sensitivity...

This study (and SHW) assumes 10% resolution



WH channel

150 : : : . : : . : .
e assume SHW-level b - WH, my=115 GeV 10% mass resolution :

. .. 5 fb NN factor applied
tagging but declining at |
large eta B

* 10% mass resolution 501

100

e signal and background |
0

scaled by afactorof1.6 " 100 200
to account for effect of Mpp (GeV)

neural network-type

selection

To do this channel, need to
control background shape
very accurately.



ZH channel

30

e incorporate #bb by ZH,my=115GeV  10% mass resolution
: : 5 b :
scaling signal and sl
background by 1.33 | Wz,zz

40 L
e use NN for selection

20

 QCD background from
real data! 0s 00 00
Mpp (GeV)
e sensitivity a bit better
than SHW report Need to ensure that there

IS no acceptance overlap
* significant acceptance with 2vbb channel
from WH process!



Final Result Combining Channels

Perform pseudoexperiments in which CDF and DO
each have WH and ZH outcomes.

Form joint likelihood using full m(bb) distributions in
both channels. (Can integrate out systematics.)

Scan in luminosity, determine fraction of experiments
meeting 95% CL exclusion, 3- and 5-sigma discovery.

Two methods used in determining statistical level:

e Bayesian with flat prior (as in SHW report)
e CL, alaLEP 2 Higgs search

The two methods agree within ~10% in luminosity.



Likelihood function

Joint likelihood formed from product of Poisson
probability in each bin (i) in the mass spectrum over
all channels (j), with Gaussian constraints on the
source cross sections (k) in each channel:

L(s) = ]‘[HP(n,,mﬂ)]_[G( 10

j=1 i=1

where the number expected in each bin (ji) is

= ELijs w Wwith o, =5 (Higgs signal rate)

Bayes method: integrate out everything
except Higgs cross section
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Turn-on occurs over a rather broad range!



Revised SM Higgs Reach Estimate

e no systematics included!

 background normalization gives
20% shift up in required L,
but...

—t

integrated luminosity (fb'1lexp.)
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integrated luminosity (fb-1)
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4-5 fb!' by LHC turn on?
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calendar year

e report presented
June 15 to DOE

e basis for July
Lehman review

e “design” goal
requires electron
cooling in Recycler

* includes shutdown
for CDF/DO silicon
installation (2006)



Tevatron in the News

Key sub-atomic particle slips away again
10:00 30 June 03

Exclusive from New Scientist Print Edilion. Su

The most elusive particle in physics has skip

Geoff Brumfiel, Washington

Fi d the Hi boson, th
Niae siep owares inaersianing oy o i €TTMIIAD quiest for nggs boson
it

Eut fF'IZ.‘!Eh DF'III H:t"]ns frﬂm Fﬂrl’r’lllﬂb hﬂm 1o Physicists at the Tevatron particle accelera-
pﬂl‘[l-l:l-ﬂ ﬂﬂﬁﬂh}rﬂtﬂr h-ﬂ"i'ﬂ ‘d-ﬂﬂ h‘l}lj h,DI}EE 'Df gyjtor near Chicago are steeling themselves for

failure in their ambitious bid to detect the
th'l:: next -EE": YEdars. elusive Higgs boson.
Researchers working on the machine, at

the Fermi Mational Accelerator Laboratory
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or signsof the particle, thought to give other

Etﬂnd-ﬂr‘d rrmdcll bIJt thm IEI.'EkE any mplanatmpunrlts th_:ll ‘I'nlts.s. in the LL‘it_hII:‘U' high-
The popU lar Hrggs thmw 5ays that a qooey Yenergy particle collisions.

But they have now cut their estimate of

LI n I"-"EFE'E.‘! EI.I'I'III 'IZ!I'Id'DWE matter wrth mass th MOiLthe number of proton—antiproton LU”I::IDI'I:

they expect to see by 2008 by 60-80%.
many collisions have to be studied to dt[tL[

o fi ﬂ'ldll'lg thei Hfg'gﬂ has become a matter of e Higgs boson, this is a serious blow to the
lab’s hopes of observing the particle

confirm the thmr!fl while di Eprw "-l'g its existe” -s|—|:‘::l\_’;1‘ljt:1pptl. 1|IIl:::;otlz:::mtpupu:\:l

ThiEe thmr!'l BILUE h a5 a Eh}ﬂ" ﬂf h}g hﬂr d"‘rmns |for Fermilab's sponsor, the US Diepartment of
Energy, and released on 15 June. Stephen
Holrmes, associate director for accelerators at

"It iz one of the most |mpﬂ|‘[_£|_|'|'[ dizoovories jr thelab,saysthatproblemshave arisen with the

equipment used to accelerate the protons and

fﬂrmr SI}DkES Mar f'Dr one 'thh'ﬂ -E-D"ELI}DFELTHJ antiprotons. The Tevatron is 20 years old and
Tevatron accelerator in Batay iﬂ. Hlirois . its accelerators have been plagued by trouble

operation that lm,m in2001.

The news is forcing Michael Witherell,
Fermilabsdirector,to reconsider funding for
Run 11, which consumes nearly two-thirds
of thelab’s $300-million annual budget. “We
have to make some tough choices,” he says.

Poor results mean that Fermilab may not splash out on new silicon wafers for its particle detectors.

during ‘Run 11, an upgraded second phase of

Witherell says he may have to withhold $25
million needed toreplace the detectors’silicon
wafers, which create electrical signals when hit
by particles. Researchers warn that this could
severely impair the detectors”performance.

Many observers doubt whether the Teva-
tron will be able to find the Higgs boson
betore the rival Large Hadron Collider
uomesonlineinll_"_l?alCERN,lheEul'opean
particle-physics lab near Geneva. Witherell
puts the chance of spotting the Higgs at

“something like 5097 Others disagree: “I
don't think there’s any chance they will find
it,"says CERN ph\slu:l Daniel Froidevaus.
Many Fermilab researchers admit that
they placed too much emphasis on finding
the Higgs. Now, they say, they need to draw
attention totheir otherresearch, such asstud-
ies of the top quark, a subatomic particle that
was discovered at the labin 19951 think we
need to get some buttons out there that say:
‘Runllit ain't just the Higgs,”says Holmes. m

Grrrr....it°s not all about the Higgs!



MSSM Higgs at the Tevatron

( qd 1 I qd H l qd 3 I \
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q q, q
W/Z W/Z W/Z

Top row leads to enhanced production at large tanf

o(pp—bbH/bbAlbbh)xtan2p

We are already probing new territory!
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Willenbrock et al: enhancement for Higgs+b (hep-ph/0304035)



What about Taus?

10 GeV
1 or 3 tracks

|charge| = 1
mass < 1.8 GeV
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Results soon on high mass tau pair search!



Run 1 high mass tau pair

EM

Extraordinary event! Will we see more?



Summary

e Tevatron experiments now nearing 2x Run 1 data
sample, and running well: time to break new physics
ground!

 First goal: measure top and W mass

* Reevaluated SM Higgs reach - similar to SHW study
*need great b tagging (new detectors!)
*need to develop excellent bb mass resolution
*need to tightly control backgrounds

estill will not have 5 sigma discovery...

e Can now start on MSSM Higgs!



